Inflammatory myofibroblastic tumour is a rare disorder of unknown aetiology first described in the lung. Inflammatory myofibroblastic tumour of the middle ear accounts for only a small portion of this disease and tends to have a more aggressive and unpredictable course than the disease at other sites of the body. Fewer than 20 cases of inflammatory myofibroblastic tumour of the middle ear have been reported in the English literature thus far. We present a case of inflammatory myofibroblastic tumour in a 46-year-old man with unilateral hearing loss. Computed tomography (CT) imaging showed dehiscence of the promontory. Initial biopsy failed to diagnosis the disease, as in many other cases we reviewed. The mass was extensive and eroded several cortical bony structures. The patient underwent radical mastoidectomy and final pathology exam confirmed the diagnosis. We review the key radiological and histological results that should be considered for making a diagnosis of inflammatory myofibroblastic tumour, and discuss the possible differential diagnosis. We also present a review of previously reported cases to help better understand the clinical entity of this disease.
INTRODUCTION
The term 'inflammatory myofibroblastic tumour' (IMT) and its definition were first formalised in 1990 by the World Health Organization (WHO), stated as ''a tumour composed of differentiated myofibroblastic spindle cells usually accompanied by numerous plasma cells and/or lymphocytes" [1] . Earlier reports used terminology such as inflammatory pseudotumour, plasma cell granuloma, pseudo-sarcomatous myofibroblastic proliferation, myofibroblastoma, xanthomatous pseudotumour, and atypical fibromyxoid nodule to describe this disease. It has been found in every part of the body, most commonly in the lungs. The upper respiratory tract such as the larynx, trachea, oropharynx, and nasopharynx accounts for 11% of extra-pulmonary lesions. The head and neck area accounts for less than 5% of all cases [2] . The orbit is the most commonly encountered site in this area. After performing a review of the English literature, we identified 16 cases reported in the middle ear and/or temporal bone. The clinical behaviour of IMT occurring in the middle ear cavity is not yet clear. Additionally, no established guideline for diagnosis or treatment exists. Diagnosis is by exclusion. Treatment options are radical surgery, high-dose steroids, and radiation therapy, according to individual tumour location, size, and extension.
Here, we report a case of middle ear IMT with an aggressive behaviour, showing extension to the otic capsule and carotid canal. We describe the clinical features, radiological and pathological findings, and outcome. We also present previous reported cases after conducting a review of the English literature.
CASE REPORT
A 46-year-old male presented with a 5-year history of progressive left side hearing loss. His hearing loss was not associated with discharge, tinnitus, or vertigo. He also denied any history of previous ear infections. Past medical history was unremarkable. Otological examination revealed a firm, hard, and non-tender mass in the left external auditory canal compared with the normal right external auditory canal and tympanic membrane (Figures 1a and 1b) . It was a soft tissue mass lesion rather than a cholesteatoma. Pure tone audiometry revealed profound sensorineural hearing loss in the left ear. Computed tomography of the temporal bone and magnetic resonance imaging showed a soft tissue mass with ill-defined borders in the left middle ear and the external ear canal. Bony erosion was noted adjacent to the carotid canal, cochlear basal turn, and the ossicles (Figures 1c and 1d) . A biopsy taken at the initial visit showed necrotic and degenerated tissue only.
The patient underwent radical mastoidectomy with tumour removal. During the operation, it was found that the tumour mass filled the entire mastoid space and middle ear cavity. Total bony erosion was noted at the carotid canal and care was taken not to injure the carotid artery. The malleus and incus were partially eroded and stapes was totally missing; the promontory was also eroded, resulting in dehiscence of the otic capsule. The malleus and incus were removed. The promontory dehiscence site was obliterated by palva flap. Intra-operative frozen biopsy examination was suspicious for haemangioma. However, final histopathological report showed spindle cell proliferative lesion with heavy collagen deposition, low mitotic count, minimal nuclear atypia, and background inflammation (Figure 1e ). Abundant small-sized vessels were present in the periphery of the lesion. The spindle cells stained positive for beta-catenin and smooth muscle actin (SMA), but were negative for anaplastic lymphoma kinase (ALK) ( Figure  1f ). The lesion was confirmed to be IMT. During the post-operative 10-month period, there was no sign of recurrence, and the patient remains symptom free.
DISCUSSION
Inflammatory myofibroblastic tumour of the middle ear is a rare lesion. IMT was regarded as 'pseudotumour' in the past, but it is now recognised to be true neoplasm. In the head and neck region, the orbit is the most commonly involved site, accounting for 8-17% of all orbital tumours [3] . Although clinical characteristics can be gathered from orbital IMTs, the middle ear space is a much smaller cavity than the orbit, surrounded by bone and inner ear structure, making the disease progression and choice of treatment rather different from those of the orbit.
It is generally known that middle ear IMTs have a more aggressive and unpredictable course. Bone erosion and extension to adjacent structures are common, as occurred in the present case, resulting in dehiscence of the otic capsule. Wiliamson et al. [4] reported in their case and literature review 10 cases of inflammatory pseudotumour in the middle ear and/or temporal bone from the period of 1967 to 2002. In this review, 7 cases (70%) reported bone erosion by the tumour. The most commonly involved structures were the mastoid, ossicles, tegmen, otic capsule, and labyrinth. Residual and/or recurrent disease occurred in 2 cases (20%). One of the recurred cases reported radiation therapy (5000 cGy in total) to be an effective treatment [5] . In both cases, recurrence occurred within a 12-month period.
We performed a review of the English literature by searching the National Library of Medicine Pubmed online database using the terms 'inflammatory myofibroblastic tumour' and 'inflammatory pseudotumour' from 2003 to the present. We identified six reported cases of IMT during this period [6] [7] [8] [9] [10] [11] . There was a slight male dominant tendency (four cases), and the patients' age varied from 7 to 75 years. The gross appearance typically shows a smooth surface with a polypoid or nodular appearance. The colour is usually pale pinkish and the consistency firm to rubbery. Bleeding or necrosis is not prominent. Bone erosion was reported in five cases; the only case without erosion of the bone was a case of a 7-year-old girl [6] . Tegmen tympani dehiscence occurred in two cases, otic capsule involvement occurred in one case, and facial nerve palsy was reported in one case. Choice of treatment was surgical removal in most of the cases. Galindo et al. [7] reported a case of IMT that involved the lateral clivus and petrous bone. An infracochlear approach was adopted to open the petrous apex and successfully remove the lesion. Coulsen et al. [8] reported a case of IMT filling the middle ear, with gross involvement of the dura and symptom of facial nerve palsy (House-Brackman grade II). Both the lesion and symptom showed complete remission after oral steroid treatment only, without complete excision. The patient remains symptom free, with no sign of recurrence. One case of recurrence was reported by Francisco et al. [9] . In this case, the lesion was initially mistaken as chronic otitis media.
Among the imaging studies, magnetic resonance imaging is a relatively useful study. IMT shows low signal intensity in T2-weighted images and homogenous enhancement on T1-weighted images. Marked contrast enhancement can be mistaken for hypervascular lesions such as glomus tumour, but IMTs lack the typical permeative bone change. Hypointensity can be explained by the relative lack of mobile protons in the fibrotic tissue. However, it can also indicate elevated cellularity or high nuclear to cytoplasm ratio, typical of malignant neoplasm [10] . According to previous reports, it is difficult to differentiate an infiltrating temporal bone lesion between aggressive IMT and malignant neoplasm [11] .
On pathological examination, tumours and tumour-like conditions composed of myofibroblasts and fibroblasts should be differentiated with IMT because of a similar morphological appearance. The less cellular component of IMT can be mistaken for aggressive fibromatosis, but the prominent inflammation of IMT is the critical distinguishing point. The lack of significant cellular atypia in IMT cells help to differentiate IMT from fibrosarcoma or other spindle cell tumours [12] . In conclusion, inflammatory myofibroblastic tumors of the middle ear and/or temporal bone is a rare and locally destructive lesion. It can be distinguished from cholesteatoma by gross appearance. Frozen biopsy results can be equivocal and misleading, such as in our case. Surgeons operating on the temporal bone should keep a high suspicion when they encounter a granulation-like mass lesion with prominent inflammation and extensive erosion of surrounding bony structures. Surgery is the mainstay of treatment; complete excision with free margin is important. If complete surgical excision is unsuccessful or impossible, high-dose steroid is reported to show a good response. Reported recurrence occurred within a year after surgical treatment, so frequent follow-up during this period is required.
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